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LIQUID CRYSTAL DISPLAY DEVICE AND ELECTRONIC EQUIPMENT 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001 ] The present invention relates to a liquid crystal display device and electronic 
equipment and, more particularly, to a technology for allowing a transflective liquid crystal 
display device having both reflective and transmissive structures to accomplish reflective 
display and transmissive display with wider view angles and higher contrasts. 

2. Description of Related Art 

[00021 A transflective liquid crystal display device having both reflective and 
transmissive display modes is adapted to switch between the reflective display mode and the 
transmissive display mode according to the ambient brightness, so as to allow clear display to 
be achieved even in a dark environment, while reducing power consumption at the same time. 

[00031 As such a transflective liquid crystal display device, a liquid crystal display 
device has been proposed, in which a liquid crystal layer is sandwiched between a light 
transmitting upper substrate and lower substrate, the inner surface of the lower substrate is 
provided with a reflection film composed of a metal film, such as aluminum film, with an 
opening for transmitting light formed therein, and the reflection film functions as a 
transflective film. In this case, in the reflection mode, the external light incident upon the 
upper substrate passes through the liquid crystal layer, then the light is reflected by the 
reflection film on the inner surface of the lower substrate. The light then passes through the 
liquid crystal layer again and is directed to the upper substrate for display use. In the 
transmissive mode, the light from the backlight incident upon the lower substrate passes 
through the opening formed in the reflection film into the liquid crystal layer, then the light is 
directed to the upper substrate for display use. Thus, the region of the reflection film, 
wherein the opening is formed, provides the transmissive display region, while the region free 
of the opening provides the reflective display region (refer to, for example, Japanese 
Unexamined Patent Application Publication No. 1 1-242226). 

|0004] As another related art, there has been proposed a homeotropic alignment 
type liquid crystal display device featuring improved view angle characteristics of the liquid 
crystal thereof (refer to, for example, Japanese Unexamined Patent Application Publication 
No. 5-113561). 



SUMMARY OF THE INVENTION 
[0005] The related art transflective liquid crystal display device having the 
reflective and transmissive display modes have small view angles both in the reflection 
display mode and the transmissive display mode. This requires that the polarizer and the 
retardation film adjacent to an observer (the upper side of the transflective liquid crystal 
display device) and the liquid crystal layer in the reflective display region through which 
incident light passes twice must be designed for the reflective display. Similarly, the 
polarizer and the retardation film adjacent to an observer (the upper side of the transflective 
liquid crystal display device), the polarizer and retardation film adjacent to an illumination 
device (the lower side of the transflective liquid crystal display device), and the liquid crystal 
layer of the transmissive display region through which incident light from the illuminating 
device passes once must be designed for the transmissive display. 

[0006] Thus, it has been extremely difficult to design both reflection display and 
transmissive display with wider view angles and higher contrasts. 

[0007] Furthermore, electronic equipment incorporating the related art transflective 
liquid crystal display device has a problem of narrow view angles with consequent limited 
visible display range. 

[0008] Accordingly, the present invention provides a transflective liquid crystal 
display device having both reflective and transmissive structures to accomplish reflective 
display and transmissive display with wider view angles and higher contrasts. 

[0009] The present invention provides electronic equipment incorporating a display 
device having high visibility. 

[0010] To address the aforesaid problems, a liquid crystal display device according 
to an aspect of the present invention is a liquid crystal display device having a liquid crystal 
layer sandwiched between a first substrate and a second substrate, wherein one dot includes a 
reflective display region used for reflective display and a transmissive display region used for 
transmissive display, the liquid crystal layer includes a nematic liquid crystal having negative 
permittivity anisotropy oriented substantially perpendicularly to the substrates, a first 
retardation film and a first polarizer are disposed in this order on the outer side of the first 
substrate, a second retardation film, a second polarizer and an illuminating device are 
disposed in this order on the outer side of the second substrate, and at least one of the first 
retardation film and the second retardation film has optical biaxiality. 
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[001 1] With the above arrangement, the first polarizer, the first retardation film and 
the vertically aligned liquid crystal layer make it possible to achieve reflective display with 
high contrast, and the first polarizer, the first retardation film and the vertically aligned liquid 
crystal layer, the second retardation film and the second polarizer make it possible to achieve 
transmissive display with high contrast. Moreover, since at least either the first retardation 
film or the second retardation film has optical biaxiality, the view angle characteristics of the 
vertically aligned liquid crystal layer when observed aslant can be compensated, thus 
allowing a transmissive display with wider view angles to be achieved. 

[0012] A liquid crystal display device according to an aspect of the present 
invention is a liquid crystal display device having a liquid crystal layer sandwiched between a 
first substrate and a second substrate, wherein one dot includes a reflective display region 
used for reflective display and a transmissive display region used for transmissive display, the 
liquid crystal layer includes a nematic liquid crystal having negative permittivity anisotropy 
oriented substantially perpendicularly to the substrates, a first retardation film having optical 
biaxiality and a first polarizer are disposed in this order on the outer side of the first substrate, 
and a second retardation film having optical biaxiality, a second polarizer and an illuminating 
device are disposed in this order on the outer side of the second substrate. 

[0013] With the above arrangement, the first polarizer, the first retardation film and 
the vertically aligned liquid crystal layer make it possible to achieve reflective display with 
high contrast, and the first polarizer, the first retardation film, the vertically aligned liquid 
crystal layer, the second retardation film and the second polarizer make it possible to achieve 
transmissive display with high contrast. Moreover, since the first retardation film and the 
second retardation film have optical biaxiality, the view angle characteristics of the vertically 
aligned liquid crystal layer when observed aslant can be compensated, thus allowing both 
reflective display and transmissive display with wider view angles to be achieved. 

^ [00F4p : ^Tiquid crystar displayHevice acc6faing^toran"aspect of the present 

invention is a liquid crystal display device having a liquid crystal layer sandwiched between a 
first sTiMtrate-and a second substrate, wherein one dot includes a reflective display region 
used for reflective display and a transmissive display region used for transmissive display, the 
liquid crystal layer includes a nematic liquid crystal having negative permittivity anisotropy 
oriented substantially perpendicularly to the substrates, a first retardation film having optical 
biaxiality and a first polarizer are disposed in this order on the outer side of the first substrate, 
and a third retardation film having optically negative uniaxiality, a fourth retardation film 
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having optically positive uniaxiality, a second polarizer and an illuminating device are 
disposed in this order on the outer side of the second substrate. 

[0015] Alternatively, the liquid crystal display device may include a liquid crystal 
layer sandwiched between a first substrate and a second substrate, wherein one dot includes a 
reflective display region used for reflective display and a transmissive display region used for 
transmissive display, the liquid crystal layer has a nematic liquid crystal having negative 
permittivity anisotropy oriented substantially perpendicularly to the substrates, a first 
retardation film having optical biaxiality and a first polarizer are disposed in this order on the 
outer side of the first substrate, and a fourth retardation film having optically positive 
uniaxiality, a second polarizer and an illuminating device are disposed in this order on the 
outer side of the second substrate. 

[001 6] With the arrangements described above, the first polarizer, the first 
retardation film and the vertically aligned liquid crystal layer make it possible to achieve 
reflective display with high contrast, and the first polarizer, the first retardation film, the 
vertically aligned liquid crystal layer, the fourth retardation film having optically positive 
uniaxiality, and the second polarizer make it possible to achieve transmissive display with 
high contrast. Moreover, since the first retardation film has optical biaxiality, the view angle 
characteristics of the vertically aligned liquid crystal layer when observed aslant can be 
compensated, thus allowing a reflective display with wider view angles to be achieved. 

[0017] Furthermore, in addition to the biaxial first retardation film, the third 
retardation film having optically negative uniaxiality is disposed between the fourth 
retardation film having optically positive uniaxiality and the liquid crystal layer so as to make 
it possible to compensate the view angle characteristics of the vertically aligned liquid crystal 
layer when observed aslant, thus allowing transmissive display with wider angles of visibility 
to be achieved. It is also possible to add the function of the third retardation film having the 

optically negative uniaxiality to the optically biaxial first retardation film. 

[0018] A liquid crystal display device according to an aspect of the present 
invention is a liquid crystal display device having a liquid crystal layer sandwiched between a 
first substrate and a second substrate, wherein one dot includes a reflective display region 
used for reflective display and a transmissive display region used for transmissive display, the 
liquid crystal layer includes a nematic liquid crystal having negative permittivity anisotropy 
oriented substantially perpendicularly to the substrates, a fifth retardation film having 
optically negative uniaxiality, a sixth retardation film having optically positive uniaxiality, 
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and a first polarizer are disposed in this order on the outer side of the first substrate, and a 
second retardation film having optical biaxiality, a second polarizer and an illuminating 
device are disposed in this order on the outer side of the second substrate. 

[001 9] Alternatively, the liquid crystal display device may have a liquid crystal layer 
sandwiched between the first substrate and the second substrate, wherein one dot includes a 
reflective display region used for reflective display and a transmissive display region used for 
transmissive display, the liquid crystal layer includes a nematic liquid crystal having negative 
permittivity anisotropy oriented substantially perpendicularly to the substrates, a sixth 
retardation film having optically positive uniaxiality and a first polarizer are disposed in this 
order on the outer side of the first substrate, and a second retardation film having optical 
biaxiality, a second polarizer and an illuminating device are disposed in this order on the 
outer side of the second substrate. 

[0020] With the above arrangement, the first polarizer, the sixth retardation film 
having optically positive uniaxiality and the vertically aligned liquid crystal layer make it 
possible to achieve reflective display with high contrast, and the first polarizer, the sixth 
retardation film having optically positive uniaxiality, the vertically aligned liquid crystal 
layer, the second retardation film having optical biaxiality and the second polarizer make it 
possible to achieve transmissive display with high contrast. Moreover, the view angle 
characteristics of the vertically aligned liquid crystal layer when observed aslant can be 
compensated by providing the fifth retardation film having optically negative uniaxiality 
between the sixth retardation film having optically positive uniaxiality and the liquid crystal 
layer, thus allowing reflective display with wider view angles to be achieved. Furthermore, 
adding the second retardation film having optical biaxiality in addition to the fifth retardation 
film having optically negative uniaxiality between the liquid crystal layer and the second 
polarizer makes it possible to compensate the view angle characteristics of the vertically 
aligned liquid crystal-layer when-observed aslant, thus.allowing transmissive display with 
wider view angles to be allowed. 

[0021] — The liquid-crystal display device according to an-aspect of the present 

invention is characterized in that the thickness of the liquid crystal layer of the reflective 
display region is smaller than the thickness of the liquid crystal layer of the transmissive 
region. 

10022] The above arrangement makes it possible to achieve bright reflective display 
and transmissive display with higher contrast. In a transflective liquid crystal display device, 
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if, for example, the thickness of the liquid crystal layer is denoted by d, the refractive index 
anisotropy of the liquid crystal is denoted by An, and the retardation (phase difference) of the 
liquid crystal represented in terms of the integrated value of the former two is denoted by 
And then the retardation And of the liquid crystal of the portion for performing reflective 
display is expressed by 2 x And since incident light passes through the liquid crystal layer 
twice before reaching an observer, while the retardation And of the liquid crystal for 
performing transmissive display is expressed by 1 x And since the light from the illuminating 
means (backlight) passes through the liquid crystal layer only once. Setting the thickness of 
the liquid crystal layer of the reflective display region smaller than the thickness of the liquid 
crystal layer of the transmissive region makes it possible to optimize the And of both 
reflective region and transmissive region, thus allowing bright reflective display and 
transmissive display with high contrast to be achieved. 

[00231 The liquid crystal display device according to the present invention is 
characterized in that, if the refractive indexes of the first retardation film and the second 
retardation film in the direction of a Z-axis, which is the direction of their thickness, are 
denoted by nzl and nz2, respectively, the refractive indexes thereof in the direction of an X- 
axis which is one direction in the plane perpendicular to the Z-axis, are denoted by nx 1 and 
nx2,' respectively, the refractive indexes thereof in the direction of a Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis, are denoted by nyl and ny2, 
respectively and the thickness thereof in the Z-axis direction is denoted by dl and d2, 
respectively, then nxl>nyl>nzl and nx2>ny2>nz2 hold, and a sum Wl of the phase 
difference value within the XY plane and in the Z-axis direction in the first retardation film 
((nxl+nyl)/2-nzl) x dl and the phase difference value in the second retardation film 
((nx2 + ny2)/2-nz2) x d2 is expressed as 0.5 x Rt<Wl<0.75 X Rt if the phase difference value 
of the liquid crystal layer in the transmissive region is denoted by Rt. 

[0024] -Whh-this-arr-angementrthe view angle characteristics of the vertically 

aligned liquid crystal layer when observed aslant can be compensated, allowing transmissive 
display with wider vfew-angles-to be-achieved. The view angle characteristiss-of-the 
vertically aligned liquid crystal layer in the transmissive region can be optically compensated 
by defining the phase difference value within the XY plane and in the Z-axis direction in the 
first retardation film ((nxl + nyl)/2-nzl) x dl and the phase difference value within the XY 
plane and in the Z-axis direction in the second retardation film ((nx2 + ny2)/2-nz2) x d.2 as the 
range of the present invention. The first retardation film and the second retardation film may 



be constructed using a plurality of optical films. In this case, any number of films may be 
used as long as the total number of films satisfies the range of the present invention. Here, 
the phase difference value Rt of the liquid crystal layer is represented as the integrated value 
AnX d when the thickness of the liquid crystal layer is denoted by d and the refractive index 
anisotropy of the liquid crystal is denoted by An. 

[0025] The liquid crystal display device according to an aspect the present invention 
is characterized in that, if the refractive indexes of the first retardation film and the third 
retardation film in the direction of the Z-axis, which is the direction of their thickness, are 
denoted by nzl and nz3, respectively, the refractive indexes thereof in the direction of the X- 
axis, which is one direction in the plane perpendicular to the Z-axis, are denoted by nxl and 
„x3,' respectively, the refractive indexes thereof in the direction of the Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis, are denoted by nyl and ny3, 
respectively, and the thickness thereof in the Z-axis direction is denoted by dl and d3, 
respectively, then nxl>nyl>nzl and nx3-ny3>nz3 hold, and a sum W2 of the phase 
difference value within the XY plane and in the Z-axis direction of the first retardation film 
((nxl+nyl)/2-nzl) x dl and the phase difference value in the third retardation film 
((nx3 + ny3)/2-nz3) X d3 is expressed as 0.5 X Rt<W2<0.75 XRt if the phase difference value 
of the liquid crystal layer in the transmissive region is denoted by Rt. 

[0026] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the first retardation film, the 
third retardation film and the fourth retardation film in the direction of the Z-axis, which is 
the direction of their thickness, are denoted by nzl, nz3 and nz4, respectively, the refractive 
indexes thereof in the direction of the X-axis, which is one direction in the plane 
perpendicular to the Z-axis, are denoted by nxl , nx3, and nx4, respectively, the refractive 
indexes thereof in the direction of the Y-axis, which is the direction perpendicular to the Z- 
-axis-and-the-X-ax-is ? are denoted by nyl , ny3 and ny4, respectivelyFand^thethicknesses 
thereof in the Z-axis direction are denoted by dl, d3 and d4, respectively, then nxl>nyl>nzl 
and nx3^ny3>nz3-and nx4>ny4-nz4 hold, and the sum W2 of the phase difference, value 
within the XY plane and in the Z-axis direction of the first retardation film ((nxl+nyl)/2-nzl) 
Xdl, the phase difference value in the third retardation film ((nx3+ny3)/2-nz3) Xd3, and the 
phase difference value within the XY plane and in the Z-axis direction of the fourth 
retardation film ((nx4 + ny4)/2-nz4) x d 4 is expressed as 0.5XRt<W2<0.75XRt if the phase 
difference value of the liquid crystal layer in the transmissive region is denoted by Rt. 
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[0027] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the first retardation film and the 
fourth retardation film in the direction of the Z-axis, which is the direction of their thickness, 
are denoted by nzl and nz4, respectively, the refractive indexes thereof in the direction of the 
X-axis which is one direction in the plane perpendicular to Z-axis, are denoted by nxl and 
nx4 respectively, the refractive indexes thereof in the direction of the Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis, are denoted by nyl and ny4, and the 
thicknesses thereof in the Z-axis direction are denoted by dl and d4, respectively, then 
nxl>nyl>nzl and nx4>ny4-nz4 hold, and the sum W2 of the phase difference value within 
the XY plane and in the Z-axis direction in the first retardation film «nxl+nyl)/2-nzl) x dl 
and the phase difference value within the XY plane and in the Z-axis direction of the fourth 
retardation film ((nx4 + ny4)/2-nz4) x d 4 is expressed as 0.5 XRt,W2,0.75XRt if the phase 
difference value of the liquid crystal layer in the transmissive region is denoted by Rt. 

[0028] With the arrangements described above, the view angle charactenstics of the 
vertically aligned liquid crystal layer when observed aslant can be compensated, allowing 
transmissive display with wider view angles to be achieved. The view angle characteristics of 
the vertically aligned liquid crystal layer in the transmissive region can be optically 
compensated by defining the phase difference value within the XY plane and in the Z-axis 
direction of the first retardation film ((nxl + nyl)/2-nzl) X dl and the phase difference value 
within the XY plane and in the Z-axis direction in the third retardation film ((nx3+ny3)/2- 
nzS) x d 3 as the rangeof an aspect of thepresent invention. Furthermore, the view angle 
characteristics of the vertically aligned liquid crystal layer in the transmissive region can be 
optically compensated by adding the phase difference value within the XY plane and m the Z- 
axis direction in the fourth retardation film ((nx4 + n y 4)/2-nz4) x d4 to the range of an aspect 
of the present invention. It is also possible to optically compensate the view angle 
charactenstics of the-vertically^ed liquid-crystal layer in the transmissive region by 
defining the phase difference value of the first retardation film and the phase difference value 
of the fourtTTWdation filnTas-th^rairge-of an aspect of thepresent-invention.The first 
retardation film may be constructed using a plurality of optical films. The third retardation 
film may be constructed using a plurality of optical films. In these cases, any number of films 
may be used as long as the total number of films satisfies the range of the present invention. 
Here the phase difference value Rt of the liquid crystal layer is represented as the integrated 
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value An X d when the thickness of the liquid crystal layer is denoted by d and the refractive 
index anisotropy of the liquid crystal is denoted by An. 

[00291 The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the second retardation film and 
the fifth retardation film in the direction of the Z-axis, which is the direction of their 
thickness, are denoted by nz2 and nz5, respectively, the refractive indexes thereof in the 
direction of the X-axis, which is one direction in the plane perpendicular to the Z-axis, are 
denoted by nx2 and nx5, respectively, the refractive indexes thereof in the direction of the Y- 
axis, which is the direction perpendicular to the Z-axis and the X-axis, are denoted by ny2 and 
ny5, respectively, and the thicknesses thereof in the Z-axis direction are denoted by d2 and 
d5, respectively, then nx2>ny2>nz2 and nx5=ny5>nz5 hold, and a sum W3 of the phase 
difference value within the XY plane and in the Z-axis direction in the second retardation film 
((nx2+ny2)/2-nz2) Xd2 and the phase difference value of the fifth retardation film 
((nx5+ny5)/2-nz5) x d5 is expressed as 0.5 x Rt<W3<0.75 x Rt if the phase difference value 
of the liquid crystal layer in the transmissive region is denoted by Rt. 

[0030] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the second retardation film, the 
fifth retardation film and the sixth retardation film in the direction of the Z-axis, which is the 
direction of their thickness, are denoted by nz2, nz5 and nz6, respectively, the refractive 
indexes thereof in the direction of the X-axis, which is one direction in the plane 
perpendicular to Z-axis, are denoted by nx2, nx5, and nx6, respectively, the refractive indexes 
thereof in the direction of the Y-axis, which is the direction perpendicular to the Z-axis and 
the X-axis, are denoted by ny2, ny5 and ny6, respectively, and the thicknesses thereof in the 
Z-axis direction are denoted by d2, d5 and d6, respectively, then nx2>ny2>nz2, nx5~ny5>nz5 
and nx6>ny6~nz6 hold, and the sum W3 of the phase difference value within the XY plane 
"and nrthe Z-axis directiolrof the second retardation film ((nx2+ny2)/2-nz2) Xd2, the phase 
difference value of the fifth retardation film ((nx5+ny5)/2-nz5) x d5, and the phase difference 
value within the XYplane and"irf the Z-axis direction of the sixth retardation film - 
((nx6+ny6)/2-nz6) x d6 is expressed as 0.5 x Rt<W3<0.75 x Rt if the phase difference value 
of the liquid crystal layer in the transmissive region is denoted by Rt. 

|0031] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the second retardation film and 
the sixth retardation film in the direction of the Z-axis, which is the direction of their 
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thickness, are denoted by nz2 and nz6, respectively, the refractive indexes thereof in the 
direction of the X-axis, which is one direction in the plane perpendicular to Z-axis, are 
denoted by nx2 and nx6, respectively, the refractive indexes thereof in the direction of the Y- 
axis, which is the direction perpendicular to the Z-axis and the X-axis, are denoted by ny2 and 
ny6, respectively, and the thicknesses thereof in the Z-axis direction are denoted by d2 and 
d6, respectively, then nx2>ny2>nz2 and nx6>ny6=nz6 hold, and the sum W3 of the phase 
difference value within the XY plane and in the Z-axis direction of the second retardation 
film ((nx2+ny2)/2-nz2) Xd2 and the phase difference value within the XY plane and in the Z- 
axis direction of the sixth retardation film ((nx6+ny6)/2-nz6) Xd6 is expressed as 
0.5 xRt<W3<0.75 XRt if the phase difference value of the liquid crystal layer in the 
transmissive region is denoted by Rt. 

[0032] With the arrangements described above, the view angle characteristics of the 
vertically aligned liquid crystal layer when observed aslant can be compensated, allowing 
transmissive display with wider view angles to be achieved. The view angle characteristics of 
the vertically aligned liquid crystal layer in the transmissive region can be optically 
compensated by defining the phase difference value within the XY plane and in the Z-axis 
direction of the second retardation film ((nx2+ny2)/2-nz2) Xd2 and the phase difference 
value within the XY plane and in the Z-axis direction of the fifth retardation film 
((nx5+ny5)/2-nz5) Xd5 as the range of an aspect of the present invention. Furthermore, the 
view angle characteristics of the vertically aligned liquid crystal layer in the transmissive 
region can be optically compensated by adding the phase difference value within the XY 
plane and in the Z-axis direction of the sixth retardation film ((nx6+ny6)/2-nz6) Xd6 to the 
range of an aspect of the present invention. It is also possible to optically compensate the 
view angle characteristics of the vertically aligned liquid crystal layer in the transmissive 
region by defining the phase difference value of the second retardation film and the phase 
difference value-of-the-six-th-retardation-film -as-the-range of an-aspect of-the present 
invention. The second retardation film may be constructed using a plurality of optical films. 
The fifth retardation film-may be constructed-using-a plurality of optical films. In- this case, 
any number of films may be used as long as the total number of films satisfies the range of the 
present invention. Here, the phase difference value Rt of the liquid crystal layer is 
represented as the integrated value An x d when the thickness of the liquid crystal layer is 
denoted by d and the refractive index anisotropy of the liquid crystal is denoted by An. 
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[0033] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the first retardation film and the 
second retardation film in the direction of the X-axis, which is one direction in the plane 
perpendicular to the direction of their thickness (Z-axis) are denoted by nxl and nx2, 
respectively, the refractive indexes thereof in the direction of the Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis are denoted by nyl , ny2 (nxl>nyl , 
nx2>ny2), and the thicknesses thereof in the Z-axis direction are denoted by dl and d2, 
respectively, then the X-axis of the first retardation film and the X-axis of the second 
retardation film are orthogonal to each other, and (nxl-nyl) Xdl=(nx2-ny2) Xd2. 

[0034] With the above arrangement, the phase difference values of the first 
retardation film and the second retardation film in the panel plane (XY plane) of the liquid 
crystal display device can be mutually cancelled, making it possible to achieve the black 
display (the transmission axis of the first polarizer and the transmission axis of the second 
polarizer being orthogonalized) and white display (the transmission axis of the first polarizer 
and the transmission axis of the second polarizer being parallel) that can be realized to the 
utmost extent by the first polarizer and the second polarizer. 

[0035] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the first retardation film and the 
fourth retardation film in the direction of the X-axis, which is one direction in the plane 
perpendicular to the direction of their thickness (Z-axis), are denoted by nxl and nx4, 
respectively, the refractive indexes thereof in the direction of the Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis are denoted by nyl, ny4 (nxl>nyl, 
nx4>ny4), and the thicknesses thereof in the Z-axis direction are denoted by dl and d4, then 
the X-axis of the first retardation film and the X-axis of the fourth retardation film are 
orthogonal to each other, and (nxl-nyl) Xdl=(nx4-ny4) Xd4. 

— [0036] - -With the-above arrangement T the phase difference values of the first 

retardation film and the fourth retardation film in the panel plane (XY plane) of the liquid 
"crystal display-devieexairbe mutually cancelled, making it possible to achieve the black 
display (the transmission axis of the first polarizer and the transmission axis of the second 
polarizer being orthogonalized) and white display (the transmission axis of the first polarizer 
and the transmission axis of the second polarizer being parallel) that can be realized to the 
utmost extent by the first polarizer and the second polarizer. 
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[0037] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the second retardation film and 
the sixth retardation film in the direction of the X-axis, which is one direction in the plane 
perpendicular to the direction of their thickness (Z-axis), are denoted by nx2 and ny6, 
respectively, the refractive indexes thereof in the direction of the Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis, are denoted by ny2, ny6 (nx2>ny2, 
nx6>ny6) and the thicknesses thereof in the Z-axis direction are denoted by d2 and d6, 
respectively, then the X-axis of the second retardation film and the X-axis of the sixth 
retardation film are orthogonal to each other, and (nx2-ny2) X d2=(nx6-ny6) X d6. 

[0038] With the above arrangement, the phase difference values of the second 
retardation film and the sixth retardation film in the panel plane (XY plane) of the liquid 
crystal display device can be mutually cancelled, making it possible to achieve the black 
display (the transmission axis of the first polarizer and the transmission axis of the second 
polarizer being orthogonalized) and white display (the transmission axis of the first polanzer 
and the transmission axis of the second polarizer being parallel) that can be realized to the 
utmost extent by the first polarizer and the second polarizer. 

[0039] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the first retardation film and the second retardation film are 
expressed by 100nm< (nxl-nyl) Xdl=(nx2-ny2) xd2<160nm. 

[0040] With the above anangement, circularly or elliptically polarized light can be 
produced by the first polarizer and the first retardation film, and circularly or elliptically 
polarized light can be produced by the second polarizer and the second retardation film. 
Thus the switching of the liquid crystal display device can be accomplished by using 
circularly or elliptically polarized light, enabling reflective display and transmissive display 
with high contrast to be achieved. 

[0041] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the first retardation film and the fourth retardation film are 
expressed by I00nm< (nxl-nyl) Xdl=(nx4-ny4) x d 4<160nm. 

[0042] With the above arrangement, circularly or elliptically polarized light can be 
produced by the first polanzer and the first retardation film, and circularly or elliptically 
polarized light can be produced by the second polarizer and the fourth retardation film. Thus, 
the switching of the liquid crystal display device can be accomplished by using circularly or 
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elliptically polarized light, enabling reflective display and transmissive display with high 

contrast to be achieved. 

[0043] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the second retardation film and the sixth retardation film are 
expressed by 100nm< (nx2-ny2) X d2=(nx6-ny6) Xd6<160nm. 

[0044] With the above arrangement, circularly or elliptically polarized light can be 
produced by the first polarizer and the sixth retardation film, and circularly or elliptically 
polarized light can be produced by the second polarizer and the second retardation film. 
Thus, the switching of the liquid crystal display device can be accomplished by using 
circularly or elliptically polarized light, enabling reflective display and transmissive display 
with high contrast to be achieved. 

[0045] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the ratio R(450)/R(590) of an in-plane phase difference 
value R (450) of 450 nm to an in-plane phase difference value R (590) of 590 nm in at least 
one of the first retardation film, the second retardation film, the fourth retardation film and 
the sixth retardation film is smaller than 1. 

[0046] With this arrangement, circularly polarized light of a broad spectrum with 
controlled wavelength dispersion can be achieved by combining the retardation film with the 
first polarizer or the second polarizer. This makes is possible to accomplish reflective display 
and transmissive display with high contrast that does not exhibit unwanted coloring. 

[0047] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the transmission axis of the first polarizer and the 
transmission axis of the second polarizer are orthogonal to each other. 

[0048] With this arrangement, best black display implementable by the first 
polarizer and the second polarizer can be achieved. Thus, transmissive display with high 
contrast c"an-be realizedr — " ^ 

[0049] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the phase difference- value within the XY plane and in the Z- 
axis direction in the first retardation film ((nxl+nyl)/2-nzl) X dl is substantially equal to the 
phase difference value in the second retardation film ((nx2+ny2)/2-nz2) Xd2. 

10050] With this arrangement, the view angle when the liquid crystal layer in the 
reflective region is observed aslant can be compensated by the first retardation film exhibiting 
optical biaxiahty, and the view angle when the liquid crystal layer in the transmissive region 
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is observed aslant can be compensated by the first retardation film and the second retardation 
film exhibiting optical biaxiality. Light passes through the liquid crystal layer twice in the 
reflective region, while it passes through the liquid crystal layer only once in the transmissive 
region, so that the thickness of the liquid crystal layer in the transmissive region is 
substantially double that of the reflective region. For this reason, it is required to set the 
phase difference value in the first retardation film and the phase difference value within the 
XY plane and in the Z-axis direction in the second retardation film to be substantially equal. 

[00511 The liquid crystal display device according to an aspect of the present 
invention is characterized in that the phase difference value within the XY plane and in the Z- 
axis direction in the first retardation film ((nxl+nyl)/2-nzl) X dl is substantially equal to the 
phase difference value in the third retardation film ((nx3+ny3)/2-nz3) Xd3. 

[0052] With this arrangement, the view angle when the liquid crystal layer in the 
reflective region is observed aslant can be compensated by the first retardation film exhibiting 
optical biaxiality, and the view angle when the liquid crystal layer in the transmissive region 
is observed aslant can be compensated by the first retardation film exhibiting optical 
biaxiality and the third retardation film exhibiting optically negative uniaxiality. Light passes 
through the liquid crystal layer twice in the reflective region, while it passes through the 
liquid crystal layer only once in the transmissive region, so that the thickness of the liquid 
crystal layer in the transmissive region is substantially double that of the reflective region. 
For this reason, it is required to set the phase difference value within the XY plane and in the 
Z-axis direction in the first retardation film and the phase difference value within the XY 
plane and in the Z-axis direction in the third retardation film to be substantially equal. 

[0053] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the phase difference value within the XY plane and in the Z- 
axis direction in the fifth retardation film ((nx5+ny5)/2-nz5) Xd5 is substantially equal to the 
phase difference value,in the^^ 

[0054] With this arrangement, the view angle when the liquid crystal layer in the 
reflective region-is-observed-aslant can be compensated by the fifth retardation film 
exhibiting optically negative uniaxiality, and the view angle when the liquid crystal layer in 
the transmissive region is observed aslant can be compensated by the fifth retardation film 
exhibiting optically negative uniaxiality and the second retardation film exhibiting optical 
biaxiality. Light passes through the liquid crystal layer twice in the reflective region, while it 
passes through the liquid crystal layer only once in the transmissive region, so that the 
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thickness of the liquid crystal layer in the transmissive region is substantially double that of 
the reflective region. For this reason, it is required to set the phase difference value within the 
XY plane and in the Z-axis direction in the fifth retardation film and the phase difference 
value within the XY plane and in the Z-axis direction in the second retardation film to be 
substantially equal. 

[0055] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive index of the first retardation film in the 
direction of the Z-axis, which is the direction of their thickness, is denoted by nzl, the 
refractive index thereof in the direction of the X-axis, which is one direction in the plane 
perpendicular to the Z-axis, is noted as nxl, and the refractive index thereof in the direction 
of the Y-axis, which is the direction perpendicular to the Z-axis and the X-axis, is denoted by 
nyl, and the thickness thereof in the Z-axis direction is denoted by dl, then nxl>nyl>nzl 
holds, and the phase difference value within the XY plane and in the Z-axis direction in the 
first retardation film ((nxl+nyl)/2-nzl) xdl is 0.5XRx< (nxl+nyl)/2-nzl) Xdl<0.75XRr 
when the phase difference value in the liquid crystal layer in the reflective region is denoted 
byRr. 

[0056] With this arrangement, the view angle when the liquid crystal layer in the 
reflective region is observed aslant can be compensated by the first retardation film exhibiting 
optical biaxiality. 

[0057] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive index of the fifth retardation film in the 
direction of the Z-axis, which is the direction of their thickness, is denoted by nz5, the 
refractive index thereof in the direction of the X-axis, which is one direction in the plane 
perpendicular to the Z-axis is noted as nx5, and the refractive index thereof in the direction of 
the Y-axis, which is the direction perpendicular to the Z-axis and the X-axis, is denoted by 
-n.y-5^and-the-thickness thereof in the Z-axis direction is denoted by d5, then nx5=ny5>nz5 
holds, and the phase difference value within the XY plane and in the Z-axis direction of the 

fifth-retard^ °- 75 
when the phase difference value in the liquid crystal layer in the reflective region is denoted 

byRr. 

[0058] The liquid crystal display device according to an aspect of the present 
invention is characterized in that, if the refractive indexes of the fifth retardation film and the 
sixth retardation film in the direction of the Z-axis, which is the direction of their thickness, 
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are denoted by nz5 and nz6, respectively, the refractive indexes thereof in the direction of the 
X-axis which is one direction in the plane perpendicular to Z-axis, are denoted by nx5 and 
nx6, respectively, the refractive indexes thereof in the direction of the Y-axis, which is the 
direction perpendicular to the Z-axis and the X-axis, are denoted by ny5 and ny6, 
respectively, and the thicknesses thereof in the Z-axis direction are denoted by d5 and d6, 
respectively, then nx5-ny5>nz5 and nx6>ny6=nz6 hold, and a sum W4 of the phase 
difference value within the XY plane and in the Z-axis direction of the fifth retardation film 
((nx5 + ny5)/2-nz5) x d5, and the phase difference value within the XY plane and in the Z-ax,s 
direction of the sixth retardation film ((nx6+ny6)/2-nz6) Xd6 is expressed as 
0.5 x Rr<W4<0.75 X Rr if the phase difference value in the liquid crystal layer in the reflective 

region is denoted by Rr. 

[0059] With the anangements described above, the view angle when the liquid 
crystal layer in the reflective region is observed aslant can be compensated by the fifth 
retardation film exhibiting optically negative uniaxiality. Furthermore, the view angle when 
the liquid crystal layer in the reflective region is observed aslant can be compensated by 
adding the sixth retardation film exhibiting optically positive uniaxiality. 

[0060] The liquid crystal display device according to an aspect of the present 
invention is characterized in that a reflection layer capable of reflecting incident light is 
formed in the reflective display region. 

[0061] With this anangement, external light can be reflected by the reflective layer, 

permitting reflective display to be realized. 

[0062] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the reflection layer has an irregular configuration capable of 
performing scattered reflection of incident light. 

[0063] With this anangement, incident light is reflected in a scattered fashion by the 

-^flecttve^layer having the inegu^ dis P la y t0 be ° bS6rVed 

with wide view angle. 

[0064] Theiiquid crystal display device aecording-to an aspect of the present 



invention is characterized in that the first retardation film and the second retardation film are 
orthogonal to each other in the X-axis direction, and the first retardation film and the second 
retardation film form a substantially 45-degree angle with respect to the transmission ax 1S of 
the first polarizer and the transmission axis of the second polarizer in the X-axis directs. 
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[0065] With the above arrangement, the phase difference values of the first 
retardation film and the second retardation film in the panel plane (XY plane) of the liquid 
crystal display device can be mutually cancelled, making it possible to achieve the black 
display that can be realized to the utmost extent by the first polarizer and the second polarizer. 
Moreover, circularly polarized light can be produced by the first polarizer and the first 
retardation film and the second polarizer and the second retardation film. This permits the 
switching of the liquid crystal display device to be accomplished by using the circularly 
polarized light, making it possible to realize bright reflective display and transmissive display 
with high contrast. 

[0066] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the first retardation film and the fourth retardation film are 
orthogonal to each other in the X-axis direction, and the first retardation film and the fourth 
retardation film form a substantially 45-degree angle with respect to the transmission axis of 
the first polarizer and the transmission axis of the second polarizer in the X-axis direction. 

[0067] With the above arrangement, the phase difference values of the first 
retardation film and the fourth retardation film in the panel plane (XY plane) of the liquid 
crystal display device can be mutually cancelled, making it possible to achieve the black 
display that can be realized to the utmost extent by the first polarizer and the second polarizer. 
Moreover, circularly polarized light can be produced by the first polarizer and the first 
retardation film and the second polarizer and the fourth retardation film. This permits the 
switching of the liquid crystal display device to be accomplished by using the circularly 
polarized light, making it possible to realize bright reflective display and transmissive display 
with high contrast. 

[0068] The liquid crystal display device according to an aspect of the present 
invention is characterized in that the second retardation film and the sixth retardation film are 

- -orthogonal to each other in the X-axis-direction,Land,the,second retardation film and the sixth 
retardation film form a substantially 45-degree angle with respect to the transmission axis of 

-the-first-polarizerandthe transmission axis of the second^polarizer.in .the X-axis direction. 

[0069] With this arrangement, the phase difference values of the second retardation 
film and the sixth retardation film in the panel plane (XY plane) of the liquid crystal display 
device can be mutually cancelled, making it possible to achieve the black display that can be 
realized to the utmost extent by the first polarizer and the second polarizer. Moreover, 
circularly polarized light can be produced by the first polarizer and the sixth retardation film 
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and the second polarizer and the second retardation film. This permits the switching of the 
liquid crystal display device to be accomplished by using the circularly polarized light, 
making it possible to realize bright reflective display and transmissive display with high 
contrast. 

[00701 The liquid crystal display device according to an aspect of the present 
invention is characterized in that the inner surface of at least either the first substrate or the 
second substrate, the inner surface being adjacent to the liquid crystal layer, is provided with 
an electrode having an opening for driving the liquid crystal. 

[0071] With this arrangement, the opening of the electrode to drive the liquid crystal 
produces a diagonal electric field in the liquid crystal layer, so that a plurality of directions of 
directors of liquid crystal molecules when voltage is applied can be produced in one dot. This 
makes it possible to accomplish a transflective liquid crystal display device with wide view 
angles. 

[0072] The liquid crystal display device according to an aspect of the present 
invention is characterized in that a protuberance is formed on the electrode formed on the 
inner surface of at least either the first substrate or the second substrate, the surface being 
adjacent to the liquid crystal layer. 

[0073] With this arrangement, the direction in which liquid crystal molecules fall 
can be controlled by the protuberance formed on the electrode. Hence, a plurality of 
directions of directors of liquid crystal molecules when voltage is applied can be produced in 
one dot. This makes it possible to accomplish a transflective liquid crystal display device 

with wide view angles. 

[0074] The liquid crystal display device according to an aspect of the present 
invention is characterized in that there are at least two liquid crystal directors in one dot when 

the liquid crystal is driven by the electrode. 
[0 075]=-T4as-aiiangementmakes-jt,possible-to-reali2e a-transflectiy^liquid crystal 

display device with wide view angles. 

-[0076] Electronic- equipment-in accordance- with-an aspect-of the -present invention 
is characterized by being equipped with the aforesaid transflective liquid crystal display 
device. 

[0077] This arrangement makes it possible to realize electronic equipment 
incorporating a display device with high visibility. 
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FtRTEF DESCRIPTION OF THE DRAWINGS 
[00781 Fig. 1 is a schematic showing a partial sectional structure of a liquid crystal 
display device according to a first exemplary embodiment of the present invention; 

10079] Fig. 2 is a schematic showing a partial sectional structure of a liquid crystal 
display device according to a second exemplary embodiment of the present invention; 

10080] Fig. 3 is a schematic showing a partial sectional structure of a liquid crystal 
display device according to a third exemplary embodiment of the present invention; 

10081 ] Fig. 4 is a perspective view showing an example of the electronic equipment 
according to an aspect of the present invention; 

[0082] Fig. 5 is a perspective view showing an example of the electronic equipment 
according to an aspect of the present invention; 

[0083] Fig. 6 is a perspective view showing an example of the electronic equipment 
according to an aspect of the present invention; 

10084] Fig. 7 is a schematic showing the relationship between Wl/Rt values and 
transmissive display view angle range of a liquid crystal display device according to the first 
exemplary embodiment of the present invention; 

[0085] Fig. 8 is a schematic showing the relationship between W2/Rt values and 
transmissive display view angle range of a liquid crystal display device according to the 
second exemplary embodiment of the present invention; 

[0086] Fig. 9 is a schematic showing the relationship between W3/Rt values and 
transmissive display view angle range of a liquid crystal display device according to the third 
exemplary embodiment of the present invention; 

[0087] Fig. 1 0 is a schematic showing the relationship between W4/Rr values and 
reflective drsplay viewaHgleYahge of the liquid crystal display-device according to an aspect 

of the present invention; 

^Fig^ms=a^h-e^tie^Bowing th-e relmfonslnTrb^twe^n-the-brightness of a 



backlight and polar angles; 

- [0089 ]^,Fig : .i-2-is-an-explanatory schematie-of-the-compensational operation of view 

angle characteristics. 

DETAILED DESCRIPTION OF PREFE RRED EMBODIMENTS 
|0090] Exemplary embodiments of the present invention will be explained in 
conjunction with the accompanying figures. 
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First Exemplary Embodiment 

[0091] Fig. 1 shows a first exemplary embodiment in which the construction in 
accordance with the present invention has been applied to an active matrix type liquid crystal 
display device. As shown by the sectional structure illustrated in Fig. 1, the liquid crystal 
display device according to the first exemplary embodiment has a basic structure wherein a 
liquid crystal layer 1 10 is sandwiched between substrates 105 and 1 13 composed of 
transparent glass or the like and disposed such that they vertically face each other. Although 
not shown in the drawing, a sealant is actually provided adjacently to the peripheral portions 
of the substrates 105 and 1 13. The liquid crystal layer 1 10 is surrounded by the substrates 
105, 1 13 and the sealant so as to be sandwiched in a sealed state between the substrates 105 
and 1 13. A backlight equipped with a light source, an optical waveguide, etc. is provided 
further below the lower substrate 113, although the backlight is not shown in Fig. 1 . 

[0092] A retardation film 1 03 and a polarizer 1 02 are disposed on the upper surface 
side (observer's side) of the upper substrate 105, while a retardation film 1 14 and a polarizer 
1 16 are also disposed on the bottom surface side of the lower substrate 113. The polarizers 
102 and 1 16 allow passage of only linearly polarized light in one direction out of external 
light entering through their upper surfaces and the light of the backlight entering through their 
bottom surfaces. The retardation films 103 and 1 14 convert the linearly polarized light that 
has passed through the polarizers 102 and 1 16 into circularly polarized light (including 
elliptically polarized light). Thus, the polarizers 102, 1 16 and the retardation films 103, 1 14 
function as a circularly polarized light entrance device. In this exemplary embodiment, the 
side provided with the backlight is defined as the lower side, while the side where external 
light is entered is defined as the upper side. The substrate 105 may be referred to as the upper 
substrate, while the substrate 113 may be referred to as the lower substrate. 

[0093] Furthermore, a transparent electrode 1 06 composed of ITO (Indium-Tin- 
Oxide)-jorJhe.like:.^ 

crystal layer 1 10, and a perpendicularly aligned layer (not shown in the drawing), which 
covers the- transparent .electrode, 1 06, is formed on.the jmrface,of,the transparent electrode 106 
adjacent to the liquid crystal layer 1 10. A reflective electrode 108 serving also as a reflective 
layer and a transparent electrode 1 12 are formed on the surface of the lower substrate 1 1 3 
adjacent to the liquid crystal layer 110, the reflective electrode 108 functioning as a reflective 
display region, while the transparent electrode 112 functioning as a transmissive display 
region. The reflective electrode 108 is formed of light reflective metal materials, such as Al 
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or Ag, with high reflectivity, and has a rectangular frame shape in a plan view. The reflective 
electrode 108 has a perpendicularly aligned layer (not shown in the figure) formed on the 
surface thereof adjacent to the liquid crystal layer 110. 

[0094] A resin layer 1 09 formed of an acrylic material provides the irregular surface 
of the reflective electrode 108 and makes the thickness of the liquid crystal layer in the 
reflective display region smaller than the liquid crystal layer in the transmissive display 
region. This structure can be accomplished by photolithography. In this exemplary 
embodiment, the reflective layer of the reflective display region serves also as the liquid 
crystal driving electrode; however, they may be separately provided. It is possible to form 
micro concavities and convexities by the photolithographic process in which a resist is 
applied onto the glass substrate that provides the lower substrate 113, then the substrate is 
etched using hydrofluoric acid, and the resist is peeled off after the etching. The reflective 
layer with the irregular surface can be created by forming a reflective layer on the aforesaid 
micro concavities and convexities. 

[0095] Dielectric protuberances 1 07 composed of an acrylic resin are formed on the 
transparent electrode 106 formed on the inner surface of the upper substrate 105, a slant 
electric field not orthogonalized to an opening 1 1 1 of the transparent electrode 112 formed on 
the inner surface of the lower substrate 113 and the surfaces of the substrates 105 and 1 13 is 
applied to the liquid crystal layer 110. Forming the dielectric protuberance 107 and the 
opening 1 1 1 of the transparent electrode 112 makes it possible to create a plurality of 
directors of the liquid crystal layer 1 10 in one dot when voltage is applied to the electrodes 
106, 108 and 1 12. This allows a liquid crystal display device not dependent upon view angles 
to be realized. 

[0096] Although not shown in Fig. 1 , a thin film transistor functioning as a 
switching element to drive the electrodes 108 and 1 12 is formed in the corner portion around 
each dotrand a gate line-and-a source lme4o^upp^ 

provided. The switching element may be a two-terminal linear element in place of the thin 

film transistor, or may have- another-structure. — -■ — — — 

[0097] The operation and effect of the transflective liquid crystal display device 
having the structure shown in Fig. 1 will now be explained. To perform reflective display, 
the light entering from outer side of the device is used, and the incident light is guided toward 
the liquid crystal layer 1 10 via the polarizer 102, the retardation film 103, the upper substrate 
105 and the electrode 106. 
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[0098] In the reflective display region, the incident light passes through the liquid 
crystal layer 1 10 and is reflected by the reflective electrode 108. The reflected light then 
passes through the liquid crystal layer 1 10 again and returned to the outside of the device 
through the electrode 106, the upper substrate 105, the retardation film 103 and the polarizer 
102, thus reaching an observer to accomplish the reflective display. In this type of reflective 
display, the liquid crystal of the liquid crystal layer 110 is alignment-controlled by the 
electrodes 1 06 and 108 to change the polarized state of light passing through the liquid crystal 
layer 110 so as to perform contrast-based display. 

[0099] To perform transmissive display, the light emitted from the backlight 
(illuminating device) enters via the polarizer 1 1 6, the retardation film 1 14 and the substrate 
1 13. In this case, the light incident upon the substrate 1 13 passes through the electrode 1 12, 
the liquid crystal layer 1 10, the electrode 106, the substrate 105, the retardation film 103 and 
the polarizer 102 in this order to accomplish the transmissive display in the transmissive 
display region. In this type of transmissive display also, it is possible to control the alignment 
of the liquid crystal of the liquid crystal layer 110 by the electrodes 106 and 112 to change the 
polarized state of the light passing through the liquid crystal layer 110 so as to accomplish 

contrast-based display. 

[01 00] Of these display modes, incident light passes through the liquid crystal layer 
110 twice in the reflective display mode. Regarding transmitted light, the light emitted from 
the backlight (illuminating device) passes through the liquid crystal layer 1 10 only once. 
When the retardation (phase difference value) of the liquid crystal layer 110 is considered, if 
the alignment control is carried out by applying the same voltage through the electrodes, then 
the state of transmissivity of the liquid crystal differs between the reflective display mode and 
the transmissive display mode-due Wfhdr Afferent retardations. According to the structure 
of the exemplary embodiment, however, the region wherein the reflective display is 
pCTforme-d--th-at-^ 

shown in Fig. 1 has a liquid crystal layer thickness control layer 109 formed of an acrylic 
resin.- Henee,-thethickness of theJiquid-crystaUayer-l.lO in the.transmissive display region to 
perform transmissive display is greater than the thickness of the liquid crystal layer 1 10 in the 
reflective display region. This makes it possible to optimize the state related to the 
transmissive display and the reflective display of the liquid crystal layer 110 in the reflective 
display region and the transmissive display region, i.e., the distance over which light travels 
when passing through the liquid crystal layer 1 10 in each region. Accordingly, forming the 
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liquid crystal layer thickness control layer 109 composed of an acrylic resin allows the 
retardation in the reflective display region and the transmissive display region to be 
optimized, so that bright display with high contrast can be obtained both in the reflective 
display mode and the transmissive display mode. 

[0101] The retardation film 103 exhibits biaxiality (nxl>nyl>nzl), the phase 
difference value in its XY plane is about 140 nm, and an X-axis of the retardation film 103 
forms about 45-degree angle with respect to a transmission axis 101 of the polarizer 102. The 
retardation film 114 exhibits biaxiality (nx2>ny2>nz2), the phase difference value in an XY 
plane is about 140 nm, and an X-axis of the retardation film 1 14 forms about 45-degree angle 
with respect to a transmission axis 1 17 of the polarizer 1 16. The transmission axis 101 of the 
polarizer 102 and the transmission axis 117 of the polarizer 116 are orthogonal to each other, 
and the X-axis of the retardation film 103 and the X-axis of the retardation film 114 are also 
orthogonal to each other. Furthermore, setting the phase difference value of the retardation 
film 103 equal to the phase difference value of the retardation film 1 14 makes it possible to 
bring the value of the phase difference between the polarizers 102 and 1 16 to zero in a non- 
drive state, thus allowing ideal black display to be achieved. 

[0102] The retardation film 103 exhibits biaxiality (nxl>nyl>nzl) and has an 
average phase difference of about 120 nm between the XY plane and the Z-axis direction. 
The retardation film 1 14 exhibits biaxiality (nx2>ny2>nz2) and has an average phase 
difference of about 120 nm in the XY plane and in the Z-axis direction. In this exemplary 
embodiment, the phase difference value in the transmissive region in the liquid crystal layer 
1 10 is 380 nm, while the phase difference value in the reflective region is 200 nm. Disposing 
the retardation films 103 and 1 14 makes it possible to compensate the phase difference in the 
liquid crystal layer 1 1 0 that is produced when observed aslant. 

[0103] Fig. 1 2 is a schematic representation illustrating the compensating operation 
related to the view- angle characteristics. A light beam-lOzemitted-aslant^omra backlight (not 
shown) passes through the second retardation film 114, the liquid crystal layer 1 10 and the 
first retardation -film 103 before -reaching an observer (not shown). In the liquid crystal layer 
1 10, a liquid crystal molecule 1 10a is vertically oriented, so that the phase difference in the 
XY plane of the liquid crystal layer 1 10 is substantially zero. The sum of the phase difference 
of the first retardation film 103 and the second retardation film 1 14 in the XY plane is 
substantially zero, as discussed above. Hence, the light beam 10 does not cause a phase 
difference in the vertical direction. If, however, the light enters at an angle, then a phase 
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difference results in the Z-axis direction. Thus, the phase difference in the liquid crystal layer 
110 that takes place when observed aslant can be compensated by disposing the retardation 
films 103 and 114. 

[01 04] Fig. 7 shows the relationship between Wl/Rt values and transmissive 
display view angle range. Fig. 7(a) shows a case where the phase difference value Rt in the 
transmissive region is 300 nm, and Fig. 7(b) shows a case where the phase difference value Rt 
in the transmissive region is 500 nm. A sum Wl of the phase differences in the Z-axis 
direction is the total of the phase difference value within the XY plane and in the Z-axis 
direction in the first retardation film 103 ((nxl+nyl)/2-nzl) x dl and the phase difference 
value within the XY plane and in the Z-axis direction in the second retardation film 1 14 
((nx2+ny2)/2-nz2) X d2. The transmissive display view angle range indicates the view angle 
range in which high contrast of 30 or more can be obtained. As shown in Fig. 7, the 
transmissive display view angle range takes a maximal value in the vicinity of Wl/Rt=0.58. 

[0105] Fig. 1 1 is a graph showing the relationship between the brightness of a 
backlight and polar angles in a general liquid crystal display device of a portable telephone or 
the like. If the polar angle is 0 degree, that is, the display surface of the liquid crystal display 
device is viewed from a perpendicular direction, the maximum brightness of the backlight is 
reached. High brightness of the backlight (about 1000 cd/m 2 or more) is obtained in the range 
of polar angle of ±35°. Referring to Fig. 7, the transmissive display view angle range reaches 
35° or more in the range of 0.5<W1/Rt<0.75. Accordingly, each retardation film is set to 
satisfy the condition of 0.5<W1/Rt<0.75 so as to make it possible to secure high contrast at 
the high brightness range or more of the backlight in the transmissive region. 

[0106] Fig. 10(a) shows the relationship between the W4/Rr values and reflective 

■ display view angle range. Fig. 10(a) shows a'case where the phase difference value Rr in the 
reflective region is 1 80 nm. A sum W4 of the values of the phase differences in the Z-axis 
direction is the totallMe^lF^^^ plane and in the Z-axis 

direction in the first retardation film 103 ((nxl+nyl)/2-nzl) xdl. The transmissive display 
view angle range-indicates the viewangle range in which high contrast of 10-or more can be 
obtained. The view angle range of a related art STN mode liquid crystal display device is 
about 30°. In Fig. 10(a), the transmissive display view angle range reaches 30° or more in the 
range defined by 0.5<W4/Rr<0.75. Thus, setting each retardation film to satisfy the condition 
of 0.5<W4/Rr<0.75 makes it possible to secure high contrast in the view angle range or more 
of the conventional STN mode liquid crystal display device in the reflective region. 
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[01 07] The retardation film 1 03 and 1 1 4 may be constructed of a plurality of 
laminated optical films. The ratio R (450)/R(590) of the phase difference value R (450) in 
the XY plane at 450 nm to the phase difference value R (590) in the XY plane at 590 nm in 
the retardation films 103 and 1 14 is preferably smaller than 1. This makes it possible to 
create substantially circularly polarized light in a visible light range. 

[01081 As set forth above, the liquid crystal display device according to the first 
exemplary embodiment is capable of achieving display with higher contrast and wider view 
angles. Furthermore, the first retardation film and the second retardation film use the 
optically biaxial retardation films, making it possible to achieve a thinner, less expensive 
liquid crystal display device, as compared with the case where a retardation film having 
optically positive uniaxiality and a retardation film having optically negative uniaxiality are 
used in combination. 
Second Exemplary Embodiment 

[0109] A second exemplary embodiment in accordance with an aspect of the present 
invention will now be explained with reference to Fig. 2. The like reference numerals as 
those in the first exemplary embodiment shown in Fig. 1 will denote the like components 
unless otherwise specified, and the description thereof will be omitted. 

[0110] To perform reflective display, the light entering from outer side of the device 
is used, and the incident light is guided toward a liquid crystal layer 1 10 via a polarizer 102, a 
retardation film 103, an upper substrate 105 and an electrode 106. In a reflective display 
region, the incident light passes through the liquid crystal layer 1 10 and is reflected by a 
reflective electrode 108. The reflected light then passes through the liquid crystal layer 1 10 
again and is returned to the outside of the device through the electrode 106, the upper 
substrate 1057 the retardation film 103 and the polarizer 102, thus reaching an observer to 
accomplish the reflective display. In this type of reflective display, the liquid crystal of the 
liquid crystal layer-1-1-0 is alignment-controlled-by,the electr.ode^l06 and,108 to change the 
polarized state of light passing through the liquid crystal layer 110 so as to perform contrast- 

based display. ■■— -™ — 

[0111] To perform transmissive display, the light emitted from a backlight 
(illuminating device) enters via a polarizer 116, retardation films 202, 201 and a substrate 
113. In this case, the light incident upon the substrate 113 passes through an electrode 112, 
the liquid crystal layer 1 1 0, the electrode 1 06, the substrate 1 05, the retardation film 1 03 and 
the polarizer 102 in this order to accomplish the transmissive display in the transmissive 
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display region. In this type of transmissive display also, it is possible to control the alignment 
of the liquid crystal of the liquid crystal layer 1 10 by the electrodes 106 and 112 to change the 
polarized state of the light passing through the liquid crystal layer 1 10 so as to accomplish 

contrast-based display. 

[0112] Of these display modes, incident light passes through the liquid crystal layer 
1 10 twice in the reflective display mode. Regarding transmitted light, the light emitted from 
the backlight (illuminating device) passes through the liquid crystal layer 1 10 only once. 
When the retardation (phase difference value) of the liquid crystal layer 1 10 is considered, if 
the alignment control is carried out by applying the same voltage through the electrodes, then 
the state of transmissivity of the liquid crystal differs between the reflective display mode and 
the transmissive display mode due to their different retardations. According to the structure 
of the exemplary embodiment, however, the region wherein the reflective display is 
performed, that is, the reflective display region provided with the reflective electrode 1 08 
shown in Fig. 2 has a liquid crystal layer thickness control layer 109 formed of an acrylic 
resin. Hence, the thickness of the liquid crystal layer 1 10 in the transmissive display region to 
perform transmissive display is greater than the thickness of the liquid crystal layer 1 10 in the 
reflective display region. This makes it possible to optimize the state related to the 
transmissive display and the reflective display of the liquid crystal layer 1 10 in the reflective 
display region and the transmissive display region, i.e., the distance over which light travels 
when passing through the liquid crystal layer 1 10 in each region. Accordingly, forming the 
liquid crystal layer thickness control layer 109 composed of an acrylic resin allows the 
retardation in the reflective display region and the transmissive display region to be 
optimized, so that bright display with high contrast can be obtained both in the reflective 
display mode and the transmissive display mode. 

[0113] The retardation film 103 exhibits biaxiality (nxl>nyl>nzl), the phase 
differencevalue in its XY plane is-aboutl.40nm, and an X-axisofthe retardation film 103 
forms about 45-degree angle with respect to a transmission axis 101 of the polarizer 102. The 
-retardation film-202 exhibits-positivcuniaxiality (nx4>ny4=nz4), the.phase difference value 
in an XY plane is about 140 nm, and an X-axis of the retardation film 202 forms about 45- 
degree angle with respect to a transmission ax,s 117 of the polarizer 116. The transmission 
axis 101 of the polarizer 102 and the transmission axis 1 17 of the polarizer 1 16 are 
orthogonal to each other, and the X-axis of the retardation film 103 and the X-axis of the 
retardation film 202 are also orthogonal to each other. Furthermore, setting the phase 
difference value of the retardation film 103 equal to the phase difference value of the 
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retardation film 202 makes it possible to bring the value of the phase difference between the 
polarizers 102 and 1 16 to zero in a non-drive state, thus allowing ideal black display to be 
achieved. 

[0114] The retardation film 103 exhibits biaxiality (nxl>nyl>nzl) and has an 
average phase difference of about 110 nm between the XY plane and the Z-axis direction. 
The retardation film 201 exhibits negative uniaxiality (nx3=ny3>nz3), has a substantially zero 
phase difference value in the XY plane, and has about 120 nm phase difference in the Z-axis 
direction. Here, the phase difference value in the transmissive region in the liquid crystal 
layer 1 10 is 380 nm. Disposing the retardation film 103 makes it possible to compensate the 
phase difference in the liquid crystal layer 1 10 developed when the reflective display is 
observed aslant. Disposing the retardation films 103 and 201 makes it possible to 
compensate the phase difference in the liquid crystal layer 110 developed when the 
transmissive display is observed aslant. 

[01 1 5] Fig. 8 shows the relationship between the W2/Rt values and transmissive 
display view angle range. Fig. 8 shows a case where the phase difference value Rt in the 
transmissive region is 400 nm. A sum W2 of the values of the phase differences in the Z-axis 
direction is the total of the phase difference value within the XY plane and in the Z-axis 
direction in the first retardation film 103 ((nxl+nyl)/2-nzl) xdl, the phase difference value 
within the XY plane and in the Z-axis direction in the third retardation film 201 (nx3-nz3) 
Xd3, and the phase difference value within the XY plane and in the Z-axis direction in the 
fourth retardation film 202 ((nx4+ny4)/2-nz4) X d4. The transmissive display view angle 
range indicates the view angle range in which high contrast of 30 or more can be obtained. 
As shown in Fig. 1 1, high brightness of the backlight (about 1000 cd/m 2 or more) is obtained 
" in the range of polar-angle of "±35°. -Referring to r Fig. 8 , the transmissive display view angle 
range reaches 35° or more in the range of 0.5<W2/Rt<0.75. Accordingly, each retardation 

-film is set-to satisfy the coMMo^^ 
contrast at the high brightness range or more of the backlight in the transmissive region. 
— [0116] As set forth above, the liquid crystal display device according to the second 
exemplary embodiment is capable of achieving display with higher contrast and wider view 
angles. 

Third Exemplary Embodiment 

[01 1 7] A third exemplary embodiment in accordance with the present invention will 
now be explained with reference to Fig. 3. The like reference numerals as those in the first 
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exemplary embodiment shown in Fig. 1 will denote the like components unless otherwise 
specified, and the description thereof will be omitted. 

[0118] To perform reflective display, the light entering from outer side of the device 
is used, and the incident light is guided toward a liquid crystal layer 1 10 via a polarizer 1 02, 
retardation films 301 and 302, an upper substrate 105 and an electrode 106. In a reflective 
display region, the incident light passes through the liquid crystal layer 1 10 and is reflected by 
a reflective electrode 108. The reflected light then passes through the liquid crystal layer 1 10 
again and is returned to the outside of the device through the electrode 106, the upper 
substrate 105, the retardation films 302 and 301, and the polarizer 102, thus reaching an 
observer to accomplish the reflective display. In this type of reflective display, the liquid 
crystal of the liquid crystal layer 110 is alignment-controlled by the electrodes 106 and 108 to 
change the polarized state of light passing through the liquid crystal layer 1 10 so as to 
perform contrast-based display. 

[01 19) To perform transmissive display, the light emitted from a backlight 
(illuminating device) enters via a polarizer 1 16, a retardation film 1 14 and a substrate 1 13. In 
this case, the light incident upon the substrate 1 1 3 passes through an electrode 1 12, the liquid 
crystal layer 110, the electrode 106, the substrate 105, the retardation films 302 and 301, and 
the polarizer 102 in this order to accomplish the transmissive display in the transmissive 
display region. In this type of transmissive display also, it is possible to control the alignment 
of the liquid crystal of the liquid crystal layer 1 1 0 by the electrodes 106 and 1 12 to change the 
polarized state of the light passing through the liquid crystal layer 110 so as to accomplish 

contrast-based display. 

[01 20] Of these display modes, incident light passes through the liquid crystal layer 
110 twice in the reflective display mode. Regarding transmitted light, the light emitted from 
the backlight (illuminating device) passes through the liquid crystal layer 110 only once. 

-When-the-retard^^ if 
the alignment control is carried out by applying the same voltage through the electrodes, then 

-the state of transmissivity of the liquid crystal differs between the.refiective display mode and 
the transmissive display mode due to their different retardations. According to the structure 
of the exemplary embodiment, however, the region wherein the reflective display is 
performed, that is, the reflective display region provided with the reflective electrode 108 
shown in Fig. 3 has a liquid crystal layer thickness control layer 109 formed of an acrylic 
resin. Hence, the thickness of the liquid crystal layer 1 1 0 in the transmissive display region to 
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perform transmissive display is greater than the thickness of the liquid crystal layer 1 10 in the 
reflective display region. This makes it possible to optimize the state related to the 
transmissive display and the reflective display of the liquid crystal layer 110 in the reflective 
display region and the transmissive display region, i.e., the distance over which light travels 
when passing through the liquid crystal layer 1 10 in each region. Accordingly, forming the 
liquid crystal layer thickness control layer 109 composed of an acrylic resin allows the 
retardation in the reflective display region and the transmissive display region to be 
optimized, so that bright display with high contrast can be obtained both in the reflective 
display mode and the transmissive display mode. 

[0121] The retardation film 301 exhibits positive uniaxiality (nx6>nyfr=nz6), the 
phase difference value in its XY plane is about 140 nm, and an X-axis of the retardation film 
301 forms about 45-degree angle with respect to a transmission axis 101 of the polarizer 102. 
The retardation film 1 14 exhibits biaxiality (nx2>ny2>nz2), the phase difference value in an 
XY plane is about 140 nm, and an X-axis of the retardation film 1 14 forms about 45-degree 
angle with respect to a transmission axis 1 17 of the polarizer 1 16. A transmission axis 101 of 
the polarizer 102 and the transmission axis 117 of the polarizer 1 16 are orthogonal to each 
other, and the X-axis of the retardation film 301 and the X-axis of the retardation film 1 14 are 
also orthogonal to each other. Furthermore, setting the phase difference value of the 
retardation film 301 equal to the phase difference value in the XY plane of the retardation 
film 1 14 makes it possible to bring the value of the phase difference between the polarizers 
102 and 1 1 6 to zero in a non-drive state, thus allowing ideal black display to be achieved. 

101 22] The retardation film 302 exhibits negative uniaxiality (nx5=ny5>nz5) and 
has an average phase difference value of about 1 00 nm between the XY plane and the Z-axis 
direction. The retarmiohfilim 

phase difference value of about 240 nm between the XY plane and the Z-axis direction. Here, 
the phase difference-value -in toe-reflective region-in-meTiquid-_crystaHayer-rl 10 is 200 nm, 
while the phase difference value in the transmissive region is 380 nm. Disposing the 
retardation film 302- makes it possible ^compensate. the phase difference^ the liquid crystal 
layer 1 10 developed when the reflective display is observed aslant. Disposing the retardation 

films 302 and 1 14 makes it possible to compensate the phase difference in the liquid crystal 

layer 110 developed when the transmissive display is observed aslant. 

10123] Fig. 9 shows the relationship between the W3/Rt values and transmissive 

display view angle range. Fig. 9 shows a case where the phase difference value Rt in the 
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transmissive region is 380 ran. A sum W3 of the phase differences in the Z-axis direction is 
the total of the phase difference value within the XY plane and in the Z-axis direction in the 
second retardation film 1 14 ((nx2+ny2)/2-nz2) X d2, the phase difference value within the 
XY plane and in the Z-axis direction in the fifth retardation film 302 (nx5-nz5) Xd5, and the 
phase difference value within the XY plane and in the Z-axis direction in the sixth retardation 
film 301 ((nx6+ny6)/2-nz6) Xd6. The transmissive display view angle range indicates the 
view angle range in which high contrast of 30 or more can be obtained. As shown in Fig. 1 1 , 
high brightness of the backlight (about 1000 cd/m 2 or more) is obtained in the range of polar 
angle of ±35°. Referring to Fig. 9, the transmissive display view angle range reaches 35° or 
more in the range of 0.5<W3/Rt<0.75. Accordingly, each retardation film is set to satisfy the 
condition of 0.5<W3/Rt<0.75 so as to make it possible to secure high contrast at the high 
brightness range or more of the backlight in the transmissive region. 

[01 24] Fig. 1 0(b) shows the relationship between the W4/Rr values and reflective 
display view angle range. Fig. 10(b) shows a case where the phase difference value Rr in the 
reflective region is 200 ran. A sum W4 of the values of the phase differences in the Z-axis 
direction is the total of the phase difference value within the XY plane and in the Z-axis 
direction in the fifth retardation film 302 (nx5-nz5) x d 5 and the phase difference value 
within the XY plane and in the Z-axis direction in the sixth retardation film 301 
((nx6+ny6)/2-nz6) X d6. The transmissive display view angle range indicates the view angle 
range in which high contrast of 10 or more can be obtained. The view angle range of a 
related art STN mode liquid crystal display device is about 30°. In Fig. 10(b), the 
transmissive display view angle range reaches 30° or more in the range defined by 
0.5<W4/Rr<0.75. Thus, setting each retardation film to satisfy the condition of 
0.5<W4/Rr<0.75 makes it possible tbsecure high contrasfin the view-angle range or more of 
the related art STN mode liquid crystal display device in the reflective region. 

[0125]- As set forth^aboverthe liquid crystal aisplay^devicF according to the third 
exemplary embodiment is capable of achieving display with higher contrast and wider view 

angles. " ~~ ~~ 

Fourth Exemplary Embodiment 

[0126] An example of the electronic equipment provided with any one of the liquid 
crystal display device in the exemplary embodiments described above will be explained. 

[0127] Fig. 4 is a perspective view showing an example of a portable telephone. In 
Fig. 4, reference numeral 1000 denotes a portable telephone main unit, and reference numeral 



31 

1001 denotes a liquid crystal display unit using the liquid crystal display device according to 
any one of the above first to third exemplary embodiments. 

[0128] Fig. 5 is a perspective view showing an example of wristwatch type 
electronic equipment. In Fig. 5, reference numeral 1 100 denotes a watch main unit, and 
reference numeral 1 101 denotes a liquid crystal display unit using the liquid crystal display 
device according to any one of the above first to third exemplary embodiments. 

[0129] Fig. 6 is a perspective view showing an example of a portable information 
processing apparatus, such as a word processor or a personal computer. In Fig. 6, reference 
numeral 1200 denotes an information processing apparatus, and reference numeral 1202 
denotes an input unit, such as a keyboard, reference numeral 1204 denotes the main unit of 
the information processing apparatus, and reference numeral 1206 denotes a liquid crystal 
display unit using the liquid crystal display device according to any one of the above first to 
third exemplary embodiments. 

[0130] Thus, the electronic equipment shown in Fig. 4 through Fig. 6 is provided 
with the liquid crystal display unit using the liquid crystal display device according to any one 
of the first to third embodiments, making it possible to realize electronic equipment having a 
display unit with wider view angles and higher contrast in various environments. 
Advantages 

[0131] As explained in detail above, according to an aspect of the present invention, 
reflective display and transmissive display with wider view angles and higher contrast can be 
obtained in a transflective liquid crystal display device equipped with both reflective and 
transmissive structures. 



